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MW Inverter Project Goals

» Develop and test an advanced pre-production three
phase, 5 megawatt inverter system based upon HV-
IGBTs switches with complete optical isolation (control
and sensing) between the high power subassemblies
and the low power hardware.
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Dual-Use Applications

» Emergency Power Markets » Military Markets

— Short Term Ride Through Appl. — Fuel Cell Applications

— Longer Term UPS Applications .~ Submarines

» Distributed Energy Markets .~ Afloat Eorces
— Advanced Power Conversion ~ Forward Deployed Forces

Technologies — “All Electric” Ship

v Battery Manufacturers T
el @l e Es s v Zonal Power Distribution

v Flywheel Manufacturers « Prime Mover Power

v Turbine Manufacturers Conversion

~ Solar Array Manufacturers — Electric (Land) Vehicles
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Why Go Optical?
Optical Transd d e
» OpUcal 1 ransaucers an r m m

Interfaces Allow:
w100

— Intrinsic Galvanic / Electrical
Isolation

— EMI Immunity => Increased
Reliability

— Increased Equipment and Personnel
Safety

— All Fiber Optic Construction

— Assembly Tested to 130 KV

— Size 1s Invariant to Measurement
Range
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Mitsubishi HV-IGBT Packages

>

Common 190 x 140 mm Footprint

— CM1200HA-34H : 1.7 KV,
1200A

— CM1200HC-50H: 2.5 KV,
1200A

— CM1200HC-66H: 3.3 KV,
1200A

— CM900HB-90H: 4.5 KV, 900A

Scaleable Phase Leg Designs
Possible

Efficient Interface to Bus Bar

Higher Frequency Switching (~ 5
KHZz)




Therma-Charge™ I\/IuIti-KiMatt
Heat Plpe Heat Sink

Power Rating: 10,000 watts
(Modified Standard 835 Design)

Nom. Air Flow: 600 CFM per 2
Fans

Working Fluid: Water
Operating Range: 40°C - 180°C

New Design Tested to A43° C at
8250W True Power Dissipation
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Single Phase Building BMk

Sensor & Control Configuration

Complete Module for Cascaded Inverter
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Inverter Circuit Topolog!
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6-MW 3-Phase Inverter Topology

_ ThermaCharge
Instlrumentatlon 20KW Cooling
Enclosures Assys per Phase

Leg + Fan Packs
(6)

5317
Weight: ~1450 lbs.

+ DC Input:
50V-2.5kV

73" power Density:

~ 76KW / Cu ft (@

Planar Bus 2.1 MW / phase)



3-Phase 12-Switch Inverter Size

4-Switch Single
Phase Leg
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Total Power Loss [kW]

Single Phase System PoweM)ss
vs. Power Delivered

~96.7%

O HF+DC Link Loss

W Switching Loss
O Load Loss

efficient
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MW Inverter Temperatu&

——DC(-) Term /
—#-Top HtBlk /
Bottom HtBIk
AC2 Term / /

= N
(00] o
|

N T
o N N O
|

e

Rel. Temp Change [C]

0 50 100 150 200 250 300 350 400 450 500
Delivered Power [kKVAR_rms]



Modular Inverter Projec!oals

» Develop standardized 200kW and 1MW power
electronic modules for converter/inverter

applications.

» Demonstrate modular converters/inverters in
various configurations to prove the viability of
standarized power converter components for
multiple and diverse applications.

» New program; just turned on October 2004



The Need for Modular BuMng
Blocks

» There exist few cost-effective, efficient, & reliable power
conversion topologies for high-power markets.

» Equipment is tailored to the application, driving costs
upward.

» Standardized modules simplify maintenance, lower
spares/inventory costs, and reduce system complexity.
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“Modular” Program Approach

> Two Parallel Paths > Three Demonstrations
— MW Converters per Path
v Heat-Pipe — VAR Compensator
v Optically Isolated — Active Filter
v PowerEx IGBTS — Back-to-Back
— 200 KW Converters
v Alr Cooled

v Optical Gate Drives(?) —
Conventional Sensors

v Semikron SemiTrans
IGBTSs



Leading VAR ControIIeY

4& | | » Advantages

— Produces Steady-
State Leading
! L VARs (Offset
input Lagging VARs
] ] from Motors and
Inductive Loads)

— Reduce Voltage
Distortion

VAR Regulator — Stabilize Local
Power Grid




Active Filtering v

» Advantages

_sa, Vsa _La, — Restores pfto 1
V .
~ Vs = %ﬁ — Provides ~ 10x
AC Source _ Ti Coad Reactive
Tifc T'fb fa Compensator — Compensation
J@ from Real Power
- Size (100 KW
[N S e M e s
Circuit T» Circuit ?»Calculation |_> Control — M&fk@t D-emand
Vs — 1 . f ) I is Increasing

—i;= Load current

=< | ,~i.=i,—i=filter current




Back-to-Back Config

» Advantages

— Draws Sinusoidal
Current at pf ~ 1

— Allows
Bidirectonal
Power Flow

— High Output
Capability (scales

output to MW or KW

R blocks)

Y




summary

» MW building blocks >

achieved and being
configured for leading- >
VAR demo (15 “low

fruit”)

MW program created two
technologies, one which

has received two >
significant awards and two
Issued/one pending patents

MW program has
generated nearly $2.5M in
Government (U.S. Navy)
acquisition revenue.

KW program will use air-
cooling over heat block design

KW program will use same
manufacturing concepts
developed during MW
program (modeling,
modularity, etc.)

KW program will
compare/contrast cost,
complexity, reliability, and
performance of KW and MW-
scale converters in three
different applications.
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Contact Information
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